In general, the decision-makers or experts should evaluate and select the best alternative from the huge number of decision alternatives. Under this situation, it is difficult for decision-maker to make the right comparison between alternatives and choose the best one in a short time. The aim of this paper is to present a two-phase fuzzy decision-making method to deal with the kind of decision problems. In this paper, experts' opinions can be expressed by different types of 2-tuple linguistic variables. Experts' opinions are including the performance of each alternative with respect to each criterion and the weight of each criterion. The proposed method was divided into two phases to reach the final decision. First, some unsuitable alternatives will be eliminated to reduce the number of decision alternatives. And then, the ranking order of the rest alternatives will be determined by a systematic method. Therefore, linguistic ELECTRE are used at the first phase to eliminate some unsuitable alternatives in accordance with pair-wise comparison among all alternatives. At the second phase, the linguistic TOPSIS are used to determine the total ranking order of the rest alternatives by closeness coefficient of each alternative. Finally, an example is shown to highlight the procedure of the proposed method and the conclusion is discussed at the end of this paper.
INTRODUCTION
Decision-making is the procedure to find the best action among a set of feasible actions (Figueira et al., 2005) . Multi-criteria decision-making (MCDM) is the most widely used decision methodologies in the sciences, business, government and engineering worlds (Li and Wang, 2007; Tai and Chen, 2009 ). The MCDM methods can help to improve the quality of decisions by making the decision process more explicit, rational, and efficient (Wanga and Triantaphylloub, 2008) . A MCDM problem can be concisely expressed in matrix format as (Chen, 2000) : 
] [
Fuzzy set theory is a very feasible method to handle the imprecise and uncertain information in a real world (Yager, 1995) . Especially, it is more suitable for subjective judgment and qualitative assessment in the evaluation processes of decision making than other classical evaluation methods applying crisp values (Lin and Chen, 2004; Wang and Chuu, 2004) . However, the linguistic assessments are more difficult to make the computation than crisp numbers. The 2-tuple linguistic representation model is based on the concept of symbolic translation (Herrera and Martinez, 2000; Xu, 2005) . Decision makers can apply 2-tuple linguistic variables to express their opinions and obtain the final evaluation result with appropriate linguistic variable (Chen and Cheng, 2008) . It is an effective method to reduce the mistakes of information translation and avoid information loss through computing with words (Herrera-Viedma and Peis, 2003) . Therefore, in this study the experts" opinions are expressed by 2-tuple linguistic variables.
In real situations, the decision-makers or experts usually must face the decision problems that they should evaluate and choose the best one from the huge number of feasible alternatives. Experts cannot make the right decision easily and quickly. In order to help experts cope with the kind problems, some unsuitable alternatives will be eliminated to reduce the number of decision alternatives at the first step. And then, the ranking order of the rest alternatives should be determined by a systematic approach.
The ELECTRE method is a multi-criteria analysis model which takes into account the uncertainty and vagueness in the decision process (Papadopoulos and Karagiannidis, 2008) . It is based on the axiom of partial comparability and provided a strict process to avoid choose a problematic alternative. However, it happens that the ELECTRE method is not easy to provide the total ranking order of all alternatives (Li and Wang, 2007) .
Technique for order performance by similarity to ideal solution (TOPSIS) is first developed by Hwang and Yoon (1981) for solving a MCDM problem. The concept of TOPSIS is choosing the best alternative according to the relative position in all of the alternatives. It means that an alternative is good if it has the shortest distance from the positive ideal solution (PIS) and the farthest from the negative ideal solution (NIS). The TOPSIS method can provide total ranking order of all decision alternatives. But the drawback of TOPSIS is that, it cannot indicate the degree of difference among of all alternatives.
In order to help decision-makers or experts deal with the decision problems efficiently, we combined the ELECTRE with TOPSIS methods to present a two-phase fuzzy decision-making method based on 2-tuple linguistic variables. First, the opinions of experts can be expressed by different type of 2-tuple linguistic variables. Second, the linguistic ELECTRE is presented to eliminate some unsuitable alternatives. Finally, we provide a total ranking order of all alternatives by linguistic TOPSIS method. Chen et al. 7199 According to the proposed method, it not only makes an efficiency comparison between any two alternatives to indicate the degree of difference and provide total ranking order of all competitive alternatives simultaneously.
In this study, past literatures and some drawbacks about ELECTRE and fuzzy TOPSIS were briefly discussed, and then, the definitions and notations of the fuzzy sets, triangular fuzzy number and 2-tuple linguistic variable were presented, after which, the detail of the proposed method was described and an example was implemented to demonstrate the procedure for the proposed method.
LITERATURE REVIEW

Applications of ELECTRE
The ELECTRE method was first presented by Roy and Bertier (1973) . Up to now, some versions of ELECTRE method are developed such as ELECTRE I, II, III, IV, ELECTRE TRI and ELECTRE CBR. Different kinds of ELECTRE method are also applied in many fields such as material selection, financial prediction, risk assessment, logistic supplier selection etc. Aiello et al. (2006) dealt with facility layout problem by applying ELECTRE method for calculating evaluation value and genetic algorithm for searching Pareto-optimal solutions. Norese (2006) discussed an environmental impact assessment (EIA) procedure and used ELECTRE method to decide the location of the incinerator and the waste-disposal plant. Shanian and Savadogo (2006) selected the best material of the bipolar plate for polymer electrolyte fuel cell in accordance with ELECTRE IV method. Almeida (2007) utilized utility function to evaluate the performance of each outsourcing supplier and applied ELECTRE to decide the sequence list of signing contract by considering the criteria such as cost, quality of service, delivery time and confidence in quality commitment. Montazer et al. (2009) constructed fuzzy expert system and used ELECTRE III to deal with vendor selection problem in the Iranian oil industry (OIEC). Hu (2009) developed a novel ELECTRE-based single-layer perceptron (SLP) for predicting bankruptcy of enterprise and the result was better than some traditional classification methods (such as SVM, LDA, FIFLN, SLP etc.). Li and Sun (2009) developed ELECTRE CBR I and ELECTRE CBR II method for financial distress mining. Giannoulis and Ishizaka (2010) developed a three-tier web-system which embedded ELECTRE as decision method for students to rank the University in British according to customized preference of each student. Govindan et al. (2010) considered seven criteria in ELECTRE II method for selecting the battery recycling logistics provider. Brito et al. (2010) took into account the multiple dimensions of risk which may happen from pipeline accidents and integrated utility function and ELECTRE TRI method for assessing risk in natural gas pipelines in different pipeline hazard scenarios. Bojković et al. (2010) evaluated the transport sustainability in some European countries by using ELECTRE method. Hatami-Marbini and Tavana (2011) used a fuzzy outranking method to extend ELECTRE I method into fuzzy environment for group decision making.
The ELECTRE method is a multi-criteria analysis model which took into account the uncertainty and vagueness in the decision process (Papadopoulos and Karagiannidis, 2008) . It is based on the axiom of partial comparability and provided a strict process to avoid choose of a problematic alternative. However, the main drawback of the ELECTRE method was that it is not easy to provide the total ranking order of all alternatives (Li and Wang, 2007) .
Applications of TOPSIS
Technique for order performance by similarity to ideal solution (TOPSIS) was first developed by Hwang and Yoon (1981) for solving a MCDM problem. The concept of TOPSIS is choosing the best alternative according to the relative position in all of the alternatives. It means that an alternative is good if it has the shortest distance from the positive ideal solution (PIS) and the farthest from the negative ideal solution (NIS) simultaneously. Lin et al. (2008) combined analytical hierarchy process (AHP) with TOPSIS to identify customer requirements and design characteristics in the design process. Önüt and Soner (2008) utilized AHP to evaluate the weight of each criterion and applied fuzzy TOPSIS to rank the location of waste transshipment site in Turkey. Yurdakul and İç (2009) used fuzzy TOPSIS for selecting machine and compared with traditional TOPSIS by analyzing of the machine tool"s benefit. They justified that fuzzy TOPSIS was better than traditional TOPSIS when the vagueness and imprecision are increasing for evaluating the performance of the machine tool. Kannan et al. (2009) used interpretive structural modeling (ISM) to analyze the interactions among the criteria and applied fuzzy TOPSIS for third-party reverse logistics provider selection. Wang et al. (2009) proposed a fuzzy hierarchical TOPSIS to deal with the supplier selection problem. Cavallaro (2010) investigated the feasibility of utilizing a molten salt by applying fuzzy TOPSIS to compare the performance of a molten salt with different heat transfer fluids. Sadi-Nezhad and Damghani (2010) used preference ratio and proposed an efficient fuzzy distance measurement to modify fuzzy TOPSIS method for assessing location of traffic police centers. Li et al. (2011) integrated TOPSIS with case-based reasoning (CBR) to forecast business failure in China with three collected dataset which come from normal economic environment or financial crisis environment. Zhang et al. (2011) used TOPSIS and Entropy method for evaluating the competitiveness of tourism destination in with respect to 35 evaluation criteria. Singh and Benyoucef (2011) used Entropy method to acquire the weights of various criteria automatically and applied fuzzy TOPSIS to cope with the winner determination (WD) problem of reverse auction according to fuzzy linguistic value of each supplier with respect to each criterion in e-sourcing environment. Chamodrakas and Martakos (2011) considered user preferences, network conditions, quality of service (QoS) and energy consumption requirements for selecting the optimal network to realize the balance between performance and energy consumption. They utilized utility function as tool for evaluating the performance of QoS and applied fuzzy TOPSIS to select the optimal network in accordance with different energy consumption scenario.
The TOPSIS method can provide total ranking order of all decision alternatives effectively. But the drawback of TOPSIS is that it cannot indicate the degree of difference among of all alternatives. Because both ELECTE and TOPSIS possesses its strong point and weakness, we can present a two-phase fuzzy decision-making method based on 2-tuple linguistic variables by combining the ELECTRE with TOPSIS methods to help decision-makers or experts deal with the decision problems efficiently.
BASIC DEFINITIONS AND NOTATIONS
Fuzzy set and triangular fuzzy number
Fuzzy set theory was first introduced by Zadeh in 1965 (Zadeh, 1965 . Fuzzy set theory is a feasible method to handle the imprecise and uncertain information in a real world (Yager, 1995) . Especially, it is more suitable for decision-maker to express his subjective judgment and qualitative assessment in the evaluation processes of decision making (Lin and Chen, 2004; Wang and Chuu, 2004) . A fuzzy set Ã in a universe of discourse X is characterized by a membership function µ Ã (x), which associates with each element x in X a real number in the interval [0, 1] . The function value µ Ã (x) is termed the grade of membership of x in Ã (Zadeh, 1965) . A fuzzy number is a fuzzy subset in the universe of discourse X that is both convex and normal (Zimmermann, 1991) .
A positive triangular fuzzy number (PTFN) T can be defined as
shown in Figure 1 . The membership function (Chen, 2000) :
A linguistic variable is a variable whose values are expressed in linguistic terms. In other words, variable whose values are not numbers but words or sentences in a nature or artificial language (Zadeh, 1975; Herrera-Viedma and Peis, 2003) . For example, "weight" is a linguistic variable whose values would be very low, low, medium, high, very high, etc. These linguistic values can also be represented by triangular fuzzy numbers. It is suitable to represent the degree of subjective judgment in qualitative aspect than crisp value. (Herrera and Martinez, 2001) . Then, the symbolic translation process is applied to translate β (β [0, 1]) into a 2-tuple linguistic variable. The generalized translation function can be represented as (Tai and Chen, 2009 ): 
be a 2-tuple linguistic variable set and W = {w 1 , w 2 …, w n } be the set of weight of each 2-tuple linguistic variable. The arithmetic mean X is computed as (Herrera-Viedma et al., 2004) :
The weighted average 
In general, decision makers will use the different types of 2-tuple linguistic variables based on their knowledge or experiences to express their opinions (Herrera et al., 2005) . For example, the different types of linguistic variables as shown in Table 1 . Each 2-tuple linguistic variable can be represented as a triangle fuzzy number. In order to aggregate the evaluation ratings of all decision-makers, a transformation function is needed to transfer these 2-tuple linguistic variables from different linguistic sets to a standard linguistic set at unique domain. According to the method of Herrera and Martinez (2001), 
The proposed method
Because of the knowledge, experience and background of each expert is different, it is always difficult to use crisp value to express experts" opinions in the process of evaluating the performance of alternative. Instead of crisp value, the 2-tuple linguistic valuable which is an effective method to reduce the mistakes of information translation and avoid information loss through computing with words to express experts" opinions (Herrera-Viedma and Peis, 2003 method can easily compare the degree of difference between two alternatives. The TOPSIS method is an effective method to determine the ranking order of decision alternatives. In this paper, a two-phase fuzzy MCDM method is proposed by combining the ELECTRE with TOPSIS based on linguistic assessments.
In the proposed model, the subjective opinions of experts can be expressed by different 2-tuple linguistic variables in accordance with their habitual knowledge and experience. After aggregating opinions of all experts, the linguistic ELECTRE method is presented to eliminate some unsuitable alternatives at the first phase. After that, we can determine the total ranking order of alternatives by using linguistic TOPSIS method at the second phase. The decision process of the proposed method is shown in Figure 5 .
Generally speaking, a decision-making problem can be described by means of the following sets: Chen et al. 7203 (i) A set of experts or decision-makers is called 
The aggregated linguistic weight j w of each criterion can be calculated as:
Phase I of the proposed method
At this stage, some unsuitable alternatives will be eliminated from the huge number of alternatives. The ELECTRE method is suitable to apply to deal with it at this stage. According to the ELECTRE method, the concordance index ) , ( Phase I. The set of picked alternatives is determined by using linguistic ELECTRE method.
Aggregate the opinions of experts.
Transfer experts' opinions to the same type of 2-tuple linguistic valuable.
Experts select the different types of 2-tuple linguistic variables to express their opinions.
Phase II. The ranking order of picked alternatives is determined by using linguistic TOPSIS method. 
The overall discordance index D(A i ) can be calculated as: 
Where α and β is the threshold values of the overall concordance index ) ( 
Phase II of proposed method
After the competitive and endurable alternatives have picked at the first phase, the linguistic TOPSIS is presented to determine the relative competitive position of each alternative in the picked set. The set of picked alternatives can be presented as 
According to the weighted linguistic decision matrix, the 
Example
In this paper, a two-phase fuzzy decision-making method is applied to determine the investment priority of stocks. There are three financial experts E={E 1 , E 2 , E 3 } in decision group and asked to decide the investment priority of stocks by choosing fifteen companies of semi-conduct industry in Taiwan (Table 2 ). Six criteria were considered to evaluate the performance of each stock such as profitability (C 1 ), asset utilization (C 2 ), liquidity (C 3 ), leverage (C 4 ), valuation (C 5 ), and growth (C 6 ). According to the proposed method, the computational procedures of the problem are summarized as follows:
Step 1. Three types of 2-tuple linguistic variable set are provided for experts to express their assessments. Expert 1 uses linguistic variables with 5 scale of linguistic term set to express his opinion, and expert 2 uses linguistic variables with 7 scales of linguistic term set, and expert 3 uses linguistic variables with 9 scale of linguistic term set, respectively (Table 1) .
Step 2. Each expert expresses his opinion about the performance of each stock as shown in Table 3 .
Step 3. Each expert expresses his opinion about the importance of each criterion as shown in Table 4 .
Step 4. Transform the linguistic ratings into the linguistic variables of type 2 and aggregate the linguistic ratings of each stock with respect to criteria as shown in Table 5 .
Step 5. Transform the linguistic evaluations of weight of each criterion into the linguistic variables of type 2 and aggregate the linguistic weight of each criterion as shown in Table 6 
Step 7. Calculate the overall concordance matrix and the overall concordance index of each stock as shown in Table 7 .
Step 8. Calculate the overall discordance matrix and the overall discordance index of each stock as Table 8 .
Step 9. Determined the threshold value of the overall Criterion  C1  C2  C3  C4  C5  C6  E1  E2  E3  E1  E2  E3  E1  E2  E3  E1  E2  E3  E1  E2  E3  E1  E2 ( ,0.000) S Table 5 . Continued. Step 10. Transform the weighted linguistic decision matrix as shown in Table 9 .
Step 11. Determine the linguistic positive-ideal solution S* and linguistic negative-ideal solution  S as Table 10 .
Step 12. Calculate the distance of each stock from the linguistic positive-ideal solution S* and linguistic negative-ideal solution  S as shown in Table 11 . And then, we can compute the closeness coefficient of each stock as shown in Table 11 . Finally, the investment priority of each stock is A 5 A 9 A 1 A 4 A 7 A 12 A 6 A 3 .
According to the Tables 7 and 8, we at the first phase. By the same reason, we cannot easily determine the ranking order between A 3 and A 3 , between A 7 and A 12 at the first phase, respectively. However, we can obtain the ranking order effectively by applying the proposed method at the second phase. Therefore, the two-phase fuzzy MCDM method is an effective way for decision-makers to select the best action from the huge number of feasible alternatives.
Conclusion
In decision-making process, expert or decision-maker usually express his opinion by using linguistic assessment based on his experience or knowledge. If the number of decision alternatives is huge, decision-maker or expert is difficult to make the comparison among all of alternatives easily. Under this situation, a two-phase fuzzy and ranking order of each picked alternative. The main contribution of the proposed method was that it simultaneously overcomes the drawback of ELECTRE and TOPSIS in dealing with the decision problems. The ELECTRE method will eliminate some unsuitable alternatives which may possess some extreme value in some criteria. Extreme value will reduce the discriminate ability of closeness coefficient by using TOPSIS method to determine the ranking order of all alternatives.
In a word, two-phase fuzzy decision-making method is very suitable to deal with the decision-making problems such as supplier selection problem, market and research product selection problem, service quality evaluation problem, project evaluation problem and so on. In the future, a decision support system will be developed to improve the data analysis process based on the two-phase fuzzy decision-making method.
